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COMPLETE SPECIFICATION 
Isocyanate-extended Polyoxyalkylene-Carboxy-Alkylene Pol3rmers 



Wci Union Carbide CorporatioNj of 270, 
Park Avmue, New Yoil^ State of New Y<m4^ 
Uaiited States of America^ a Corpoiratiori: 
organised under the laws of the Slate of New 

5 York, United Scat® of America, (assignee of 
Donald Mackey Young and Fritz Hos- 
tettler), do hereby dedaie die the mvenr 
tioinj for which we pray that a paicenit njay 
be graoitsd (CO us, aiid. die method, by which 

10 it is to be peifonnisd^ to be partsadarly des- 
cribed in and by che fcfiowing statement:— 
The present invendcni relates to syndieric 
ccmpositions of matter useful in the manur 
facture of dres, shoe solesj bdts and; many 

15 other articles dedrably having high icsistanoe 
to abra^ioin, oxidation, solveats and ultia-f 
vidh: $s wdl as to a miethod: of pre^ 
paring sucb coonipositions. 
We have also found that polyucedians 

20 resins can advantageously be prepared bom 
oxyalkylme^arboKyalkylene polyniKcs m 
which the ojqt and carboxy groups, or oxy- 
alkylene and carboKyalkyloie linfes, are dis- 
tributed in random or ordered fashiott along 

25 tiie lengdisr of the chains and that itihese can 
be prapared essentiaily by reaorion^of a hat- 
one with an epoxide and a difunctiomal focal 
compound prefer^y in the presence of a 
catalyst 

30 According to to the piresenit irwention! there 
is provided a method of preparing a gum 
stcdc which comiprises forming a nmtuie of 
axyalkykn:e<arbo!xya]kyliene polymiers by re- 
acitin g a diphecuol, a diol, a diaminie, an amino 

35 alcoM, a dunsrcaptan, a miercapto ailcohcl, 
water or hydrogen suilpiuds, a Isiotono of dsie 



0=C(CR2)nCHR 



in wUdx n is an imeger having a value ct 
2^ least 2, an die Rs are bydrogsn when n. is 
2, at kast 6 Ks aire hydspgm when, n is more 
than 2 and the remainiing Rs are hydro^ 
or aill^l, cydoalkyl, alkoxy or single nng 
aromatic hydroOTbcwa radicals or an hydroxy 
eatjer of said laocone and a prkcary or seoGd- 
dary aiixxyhoil having a boiling point lower 
than diat <^ said d|ol, diamine, amano alcohoia 
ICO alcohol waitsr, bydco- 
le or diLpiDieDiol, and a 1 ^ 2 eipoxide 



of do& geseral foamiuila;:— 
Ru_CH— CH- 

\/ 
O 

in is bydrggen or an alkyi, cMoro- 

alkyj, hydroxyaU^ vinyl or phenyl ratEcal 
or in which ifae icwo R^ taken togethsM: comi- 
plete a dosed hydrocarbon ring; leaotmg said 
r^iatioEb moxiture with a sudar excess as hece- 
inibdfore defined of an otganiic dusocyanase to 
fom isacyanate-«xicesdal oxyaJkyleneHcar- 
boxyalfcylene polyoiiiers Mid conv^ting said 
pdyjpers to a nonrhaidfeniog gtm stock by 
reaatioQ w^ a djolj a dkmrne or an aimsna 
aboihoL 

The pdlyuzseithaiie resins of die present inr 
vendcsi are charaipterized by die presenioe of 
subataptMly linear upts of coDjugaited osy- 
aIkyla!ie-<3iboixyal7^^ chains and dSi^ 
cyanaitje lesidises in whicb die chains and 
residues are conneoted to one anodier by 
means of uretbane groups and the chains 
comprise substantially liaear series of mter- 
conn^eoisd divalenit oixyalfcylene and mono- 
cairboKyailkyleDe lix^ & the chmm of diese 
resins ^ co(m»dng pixy and caibt^y groiups 
between the alkjiene scgnaemtg are distrilHSted 
in ordered or raiKknn fashrao;. Thus, for ex- 
^nple, a (typical ebaoa witb ordered distriba- 
uoa may be KpreseoiDed by: — 
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and a typkai dima. with random distribiiilioa would be:— 

o o o 

--OE0lA>E0mEOLa)LC0E0E0 . . , etc. 



IV. 

in wMcib the Es stand for ^lens segDaenits 
derived from am epoxide. 

5 The laotmss ithait are suitable for use in 
prq)amig oxyalkyiesiie^arboKyall^^ 
nosers in accoxdlance widii die present icsven** 
tian include ddta-valerokctonss and gamma- 
buityrolactones. The general formula for the 

10 lactones suitable ini die innr^om is prefer- 
ably: — 

0=C(CE^)„CEIR 
V. I I 

I 0 

in which n is an- iniDeger of ait least four, at 
least (n+2) Rs are hydrog^ and the imain- 
15 ii^ Rs are hydrageni, a&yl, cydoaJkyl, alk- 
oxy or sing^ ring aroanadc hydroirairboa 
radicals. 

The epoxides diait are useful as stardng 
materials in diis embodlmenit of die invenddn 
20 are the l,2-ep0xide$ of the general 
formula: — 

R» R" 

I I 
VL CH-^H 

\/ 
O 

in which die R^^s are hydrogen, chloro^ 
aUcyljhydroxyalkyl, vinyl or phenyl radicals or 

25 in whidi the to R^^ complete a closed hydro- 
carboiQ ring. Among the 1,2-epoKidss of this 
desoiptioQ diat de^rve special menitioni are 
eihylene oxide, propylene oxide, 1-methyl- 
1,2-Fropylene codd^ 1,2-butyleDe oxide, buta- 

30 dtene moaoxide, epachiorohydrini, glycidol, 
cydchssene oxide smd stytens oxide. Mix- 
tures d diese epoxide are also suital>b and 
in some insitances most highly d^irable from 
•die point of view of providing a ready means 

35 of altering the propeities of th^ oxydkylene- 
carboxyalkyleiK! polymiers diat are fonned. 
Ethylene and propylene oxidsSj and mixtures 
diereof, are preferred because of dieir low 
cost and ease of reacdon. 

40 The difunicrional focal compounds, so- 
caHsd because they act as focal podnits in the 
fcmaiioni of oxyalkyleneKarboxyailkyiene 
polymers and play a major rob in determin- 
ing the molecular weight of a given mSxaire 

45 of oxyalfcylene-carboxyaJkyl^^ poiymiers, are 
those having two reaodve hydroigens that are 
capable of opening a laoRxne ring or an 
epoxide. The difuncdonal componncts useful 
as such are dioHs, diamines, diphenols, dnner- 

50 capsans, amino alcohol's and metcapto alco^ 
hols represenited by dta formula: — 
Vn. R"^(YH)2 

in which R^^ is an aliphiaidc, cydoaEphadc, 
aromatic or heterocyclic xdsdhl and! the Ys 



arfe — 0-, — S-^ — NH— and — NR""— , 55 
R"" being a hydrocarbon radical selected 
from th^ group consiating of alfcyl, aryl, 
aralkyl and cydcaHkyl radicals. Dids are pre- 
ferred. 

The difuncdonal conmounds diat are suit- 60 
able indiude aliphadc diols such as glycols 
of the general formda HO(CH2)nOH in 
which n equals two to ten, alkylene ether 
glyccik of the formulae H0[(CH2)„0]bH and 
HO[CH(CH3)CHnO]nH in which m is from 65 
two or five and ni is one to about ten, 2,2^- 
dimisidiyl-l,3-'p:opanaiiol, 2,2-diediyl-l,3- 
prapanedid, 3-mediyl-l,5Hpenitattediol, N- 
mediiyl- and N-ethyl diethanolamines; cyclo- 
aliphatic diols such as various cydohexane- 70 
did^ 4,4^-mediylenebiscydohexanol, 4,4^-iso- 
propylidenebiscydohexanol; arcnnadc dMs 
such as hydroquinol; arcmadc-alipihadc diols 
such as various xylenedids, hydrcxymsdiyl- 
phenethyl alcohols, hydroxymethyl-pheny^ro- 75 
pands, phenyl^xediethanois^ pihenylenedipro- 
panoh; and various heterocyclic diols such as 
1,4-piperazine diethanol; difunctional amino 
alcohols such as aliphatic amino alcohols of the 
general formula HOCCHOeNHs, where n 80 
equals two to ten, N-methykdmndamine, iso- 
prqpandamine, N-metbylisqprcpanoIamine; 
aromatic anmo alcohols such as para-amino^ 
phenethyl alcohol and para-amino^pha- 
miediylbenzyl akdid; various cydoo^phadc 85 
amino alcdiob sudi as 4-aai[in0cydoh^:and; 
diamines of the general formula H2N(CH2)n 
NHo, m<m0ssoon<fary diamines of die general 
formula -R""NH(CH,)nNH2, and disscondary 
-diamines of the general formula R^^NH 90 
(CH2)nNHR"", where n equals two to ten 
and where R"" is alkyl, aryl, ara%l or cydo- 
alkyl; aromaidc diamine such as nuata-phmy- 
lenedkmine, paraphenyienodiamine, cduene- 
2,4-diaminc, •tduen&-2,6-diamine, 1,5-naphr 95 
thalenediamine, 1,8 - naphahdene^amine^ 
meta-xylylenediamine, para-xylylenediamine, 
benzidine, 333^-dimethyl-4,4-biphenyldiamine, 
33'-dimiethoKy-4,4^-biphenyldiamine, 3,3^-di- 
cMon>4j4 "biphenyldiamine, 4,4^-mfidiylcne- 100 
dianil'inie, 4,4^<ithylened5anilin;^ 2,3,5,6-ietra- 
mrsdiyl-para-phenylenediamiiie^ 2,5-iuQrene- 
diamuK, and 2,7-fiu0renedianune; and cydo>- 
aliphadc diamme® such as 1,4-cydoihexanedi- 
amiiK, 4,4^-niediylenebiscydoliexylamine;, and 105 
4,4Msoprcipy]idenebascydohexylamine; and 
hfiterocydic amines saich as piperazine, 2,5- 
dimediylpiperazine and' l,4-bis(3-amino- 
pro.pyl)pipsrazine, as vpell as corresponding 
dittMds and mercapto-alcohok Water and HO 
hydrogen sulfide are also suitable as difunc- 
donal oompounds fcr iiudatii^ a lactone- 
epoxide F^cdoQ. 

The 03^kylene-carboxyalkyIene polymery 
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piq>ared from diere scactmg materials in 
accordance widi die present invention are 

O 

II 



bdieved to ooTrespond predominantly to tbe 
general formula: — 



Vm. H[(OEMOLQJ,YR"^Y[(CLO),(EO)J^H 



in wMch the Ys and R"^ are as defined 
earlier^ and ithie Ls aire substantially linear 
lactone residues or alkylene segmenits hav- 
ing the generd formula — (CR2)aCHR— in 
10 wmdb n and the Rs are as described 'with 
reference to Formula V, the Es are alky- 
leoe segmeDits having die general fomuidar: — 
IX. _CH— CH— 

R^^ R^^ 

wherein the R"s are as described wiithi refer- 
15 enoe toi Fomuila VI, the ms are an average 

of at least Oio^ the xs average froiuii abonit 

onenhalf m aboue six and one-halfj the ys 

average frcm about one to about My, smd 

the Ls audi Es aie in random or ordered dis- 
20 tribudoQb at least some of idie Ls in a given 

ssries being recurrenjt^ Le.> sepaxalied from 

one anotber by Es^ or at l^st some the Es 

in a given series being recurrenit, ije., sepa- 
rated fromi ooei another by Ls. 
25 While we do not wish- to be limked by any 

theory presented hiereina it is bdisved that 

idle laotooe and epoodde mokcules are opened 

in tfaie course of the leactiDai to foimD su}> 

X. ... R"^OH+0=C(C3l2)nCRH-^ . . .R*"OC(CayoCXOH or . • . R^^OCLOH 

I II 11 

O O 0 



stantially linear carboxyalkylene and oxyalky- 
lene links, respectively, Le. substituted or un- 30 
substituted alkylaie segments having termind 
carboixy and cixy groups. The opening of one 
such lactone or epoxide mdecule prodioces 
a chain linik having a ;t]erxmi£al hydroxyl group 
which can then apen another lactone or 35 
epoxide molecula TTus produces a leogidien- 
ing of die chain and the fbimaticiDj of sdll 
anocher hydroixyl for again opening a laotjome 
ring or epodde bridge. Additional lactone 
and epoxide residues add on in random! or 40 
ordered fashdon to form a chaini of recurrent 
lactone residues and epoxide residues^ said 
chain in essence comprising a series of alky- 
iene Uidcs conneoQed so anodneir by divalent 
carboixy groups and ctcy groups. 45 

To illustrate^ it is believed diat a lactone 
is opened by reaatiani with a hydiotxyl group 
and thus oonvsHrtfidi into an alkylene s^imenit 
cceneotied by a carboxy group at one end to 
a diol residue, for ex^Bple, and by an oxy 50 
gtoap am the olfher end co a iDeraiiDal hydro- 
gen, 



If more laatone molecule are available, 
55 they wiU form and add to previous links in 
(he san^ manner. Epoxides are also opened 
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XI. 



..R^^OH+CHaCHr^. 



by hydroxyl groups to f ormi ethylene 
ments. Thus;> for example eti^lene oside 
react with a ternniiai OH group: — 

. R^OCHaCHaOH or . . , R^^OEOH 



If more epoxide molecules are availabte, they 
will add ito previous groups in the same 
manner, fomung polyoxyetbylene chains. 
When a lactone and an epoxide ar^ both avail- 
ably ithey are bdieved to react in essentially 
the samie manner and' add! in random fadidon 
to form polyoxyalkylene chains intemqrted 
occasionally by carboxy groups. 

It is to be understood and emiphasized, 
therefore, that the Ls and Es in Formula 
VIII, for example, can be in random ordered 
distribution and that the formula- represents 
the predominant struoaire of the oxyaJkyiene- 
carbosgfalkjflene polymers. The values of m 
and X in the in<£vidtral (CL0)2n(E0)z chain 



portions may ba the same or different and 
die lengths and structures of ahe various 
— Y[(Ca-0)in(EO)s]yH chains need not be the 

h 



same. The y one rha\rt may in feat equal 
zero, in wMdi: instance the formula may be 80 
miome spsdficailly expressed as: — 
O 

|l 

Xn. HYR"^Y[(CLO)n,(EO)J,H 
The distribuftioni of the L and E groups in 
the oxyalkylene-carboxyalkylene polymers is 
such that a lactone residue may occur at 85 
either or both ends of a chain and an epoxide 
residue may like wi^ occur at either or both 
ends of ai series. The general f ormuJa is dBsre- 
fotte intended to include structures dot may 
mote sjpscifically be set forth as having rhaina 90 
of the fotmailae: — 

O 

Xm. -Y[EO),(CLO)J,H 



XIV. -Y[(CLO)„(EO)J,(CLO)^H; and 
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O 

XV. -Y[(EO),(c!lO)J,(EO)xH 

It will also bs apparent diat tbene are at 
least tiuree nuethyleiie groups ia aay opened 
lactone residue synabolized by L in tbs for- 
mulae and furdier identified as adjoining at 
least one carbcnyl group of a oonnecdng car- 
boxy group. The opened epoxide residues 
symbolzed in^ the fcmmlae by E and further 



20 



identified as positioned between oxy groups, 
some of wbicQ may be connected to carbonyl 
groups to form) carboxy links, conttain two 
methylene groups. Where substituted lactones 
and substituted 1,2-epoxides are used^ the 
alkylene segemenits of the respective opened 
residues will be correspondingly substitued. 

When waiter is used in place of org^c 
pclyfunctional compounds, die reacdons are 
essentially ihe same. With bydrogiett sutfide, 
lactones are beKeved* to add on : — 



XVI. HSH+20=C(CR2)nCRH-->HOOC(CR2)nS(CR2)nCOOH 

O 



I 



10 



15 



or HS(CR.Jn(XOH+0=C(CRs)nCRH 

O 



25 



30 



and epoddes would open and add: — 

Xm HSH+2aijCHr->-HOai2CH2SCHuC2l20H 

\/ 
O 

Additional lactones and epoxides would be 
opened and add to the chains in the manner 
described. 

A preferred and most direct mediod of 
preparing the oxyaIlcylene<arboxyalkylaae 
polymers in the first stage, provided the di- 
functional focal compounds chosen do not 
contain nitrogen atoms carrying reactive 
hydrogen atoms, is to react the ibree initial 



45 



50 



55 



60 



materials described, i.€., the lactone, tie 
epoxide and the difuncdonal compound, at 
an elevated temperature in the presence of 
a catalyst By way of illustration, the reaction 
of elJiylene glycol, imsubsrituced epsalonr 
caprolaaone and ethylene oxide in accordance 
with this embodiment of the invention may, 
for example, be represented by the equa- 
tion: — 



xvm 

' i o 



V»r(0CH3CH2l50CcMa)5C]y 0C2H4OCc(cH2J50{CH2CH2O)s]y H 



0 

tbe ethylene and pentamediylene segments, 
and therrfore also the oxy and carboxy groups^ 
however being distributed in random fashion 
within the brackets and the ys being an aveav 
age of two. 

The distribution of the lactone and epoxide 
residues within the oxydkylene-carboxyalky- 
lene polymers can, as a practical matter, be 
influenced to a considerable extent by a 
selection of die temperature at which the 
starting materials are reacted and the rate at 
which the reactants arc fed to the reaction 
mixture, Although theoretically an efficient dis- 
tribution is possible at any temperature up to 
about 150 to 200"" C Generally, lower alky- 
lene epoxides react more rapicfly with 
hydroxyl groups than do the lactones. With 
increasing molecular weight, epoxides react 
more slowly, and approadh die reaction rates 
of the lactones. 



II 

0 ' ^ 

At lower temperatures, i,e., from about W 
C. to about 70 C, maximum intmnixing of 
die lactone and epoxide residues is favored 
because then die rate at which the lactones 
react with th e hydroxyl groups is slow enough 
to permit relatively accurate correlation there- 
with of the rate of addition of epoxide to 
the reaction mixture. Furthermore, the heat 
of the excdiermic reactions can be removed 
mere effectively at slower reaction rates^ thus 
minimizing acceleration of the reacdon rates 
due to increases in temperature. Thus, for 
example if under the conditions reaction 
five mds cf lactone could be expected to add 
onto temrinfll hydroxyls in the course of five 
minutes, it would be relatively easy to obtain 
an oxyalkyiene-<:arboxyalkylene polymer hav- 
ing chain segments akematdy and repeatedly 
having an average of two epoxide residues 
and one lactone rmlue by mixing die laaone 
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with the hydroxyl-beariDg compoundj adding 
tea mds of epoxide in the course of five 
minutes aind cooling the reaction xnmiure to 
keep die temperatuxe, and therefore the leac- 
5 tion rate®, relativdv constant. This type of 
oxyalkylaue-carboxylene polymer, in which 
the rand<}mj distribiitioa of the epoxide and 
lactone residues is relatively dEcient, is 
charaocerized by water-insoluKlity and by 

10 not crystalHidng even ait temperatures as low 
as —30° G 

At big^r temiperatures, e.g., frooot about 
70 to 100** C or higto, the rates of reac- 
tioa are considerably faster and die difiScuities 

15 cf removing the heat of die reactions for con- 
trolling the temperature of reaction are multi- 
plied As a result, such higher temperatures 
livoa: a less eflSdent distriixition' of the lac- 
tone and epoxide residues with the result that 

20 an osyalkylene-cartoxyalkylm^ polymer chain 
will contain a relatively large nAmber cf 
epoxide residues connected to one another in 
series and such series of epoixide residues are 
interrupted accassionally by series cf laxrtone 

25 residues. Thus, for examiple, where the 
opoxide of lactone ratio is 2:1, an oxyalky- 
lene-carbosyalkylene polymer ciain obtain«i 
at sudii a i^aec temperature and f^d rate 
of eposide may have an average of twenty 

30 or thirty epoxide residues connected in seria- 
tirPi to one another and sudi series of q^OKide 
rssidurss may bs interrupted or terminated 
by fairly long series or blocks of polylactones 
having an avera^ cf ten or fifteen lactone 

35 residues. This typs of cKyaUcylene-carbcKy- 
al^lene polymer, in which the random dis- 
tribution of epoxide and lactone residues is 
relatively in^fcient, is characterized by 
water-solubility and a tendency to crystallize 

40 at temperatures cf the order of 10 to 15° C 
It vnll be understood, therefore, that with 
this Imowledge of the reactivity rates of 
epoxides relative to one another and relative to 
lactones, and the influence th^eon cf tem- 

45 perature conditions, suitable adjustnoents can 
read^y bs made to influence the reactions in 
desired directions and, therefore, the charac- 
teristics of oxyallcylene-carboxy£dkylenje poly- 
mers and resins prepared therefrom, 

50 Higher temperatures within the operable 
range of about 10^ C to 150 or 200° G, e.g. 



above about 100** C,, are feasible iMxyvidedthe 
contact dme is made correspondingly dunt 
so as to avoid dehydration side reacdons, par- 
dcularly whoi! the qatalyst is boron tnfluoride. 55 
Lower temperatures, e.g., as low as 10** G, 
are operable but require longer reaction times 
than are considered economically desirable. 
Generally, thetrfoie, elevated temperatures -up 
to about 100° G are preferred and temr 60 
peratures between about 50 and 70° G are 
considered opthmim: for maximum: producdon 
and control wi'tb miniminm! dehydration- 

The reaction' is preferably promoted by the 
presence of Lewis adds such as the tri- 65 
fluoride, tribromide and trichloride of boron^ 
the bromides and chlorides of aluminum), tin 
and titanium^ and the chlorides cf antimony, 
beryllium, bismiuth, cadmium., galliumi, iron, 
uraniumi, zinc and zirconiumu The ^si^sEerred 70 
catalysts aie boron trifluodde and its com^ 
plexes with such organic com^xnmds as 
ether^ alcohols, and polyols. 

When the oxyalfcjrlene-carboxyalkylene 
polyoaers are prepared in this manner, it is 75 
essentijal to use, as initiators for the poly- 
condensation thereon of lactone and epoxide 
residues, difunictional focal compounds that 
do not contain nitrogen atoms for the reason 
that the Lewis acid catalysts employed in the 80 
reaodon foim iz^cdve complexes with nkro- 
gen atomsi When a flexible resin is the uld- 
miate desideratum, it is advantageous to avoid 
using lactones that are subsdtidied on the 
qaiboa atom adjoining the oxy group of the 85 
lactone, e^. ^ epsHon carbon of aa epsilon- 
caprdactoiQ!& Use of sujch lactones when a 
boron trifluoride complex is the catalyst 
appaready causes dehydration of the sKond 
bydioi^ gnoup that is formed and then re- 90 
suits in a branched<haitt structure of high 
hydroxyl content that is desirable when the 
ultimate product is to be a rigid product 

The preparation of the oxyalkylene-carb- 
cxyalkylene pdymers in the first stage of the 95 
mediod of die inivention can also be accom^ 
plid2i»l in three steps to result in a re^kivdy 
ordered distribudoa. of oxy .and carboy 
groups. The first of these steps inivdves i^act- 
ing the initial lactone pr mixtiue of lactones 100 
with a molar excess of a mmohydiic alcdbol 
as indicated in the equation: — 



XDL R'OK+0=(^CR2)nCmr-^R'OGi^ or R^OCLOH 

O 0 o 



The reaction product of this step is then illastrated in the equation : — 
105 reacted with one oar more 1,2-epoxides, as 

R» Rii R« RH 0 

II II II 

XX. R^OLH+x CH-CH->Rm(CH-CHO— )xH or R^OCLD(EO).H 

\/ 
O 
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Finally, the resulting oxycarixniyalkykiie 8topi»r, the leaotioQ with a did being illiis- 
monomer is reacted mSi an tscess d difimc- tratM! the equation:— 
tional focal compound acting as a chain 

O O 

II II 
XXI. 2 R'OCLO(EO)xH+HOR"'OH-^R"'[OCLO(EO),H]2+2 R^OH 

and residual product s^-polsimerizes by interior ester groups and «h« elimiinationi of 
iasexacdm of its tenninal hydroxyls with the excess difunctional comipoand:— 

XXIL 

0 

3 fl'"[ocuo(eo)^H] — 
0 o 

«U«'E)xCOLCyyOR'"oL(CLOiaEo)x3jjH +(3-1) R-'H^ 



It will be undcrstooc^ of cour^ that aa 
amino group on the chain stoipper will result 
in a carbamido linkage between an osyalky- 

15 lene-carboxyalkyiene chain and the chain 
£tG!pper residue. 

The alcohol used in the first step of dus 
embodiment of the invention and symbolized 
in the equation as R^OH is a j^ary or 

20 r.ecDndary monohydric alcohd having a lower 
boiling point than the difunctional chaia 
stopper. Among those suitable for this pi^:- 
pose are aliphatic alcohols such as miethanol, 
tHaaaxAi propand^ iscpropanolj l-butanolj 2- 

25 butanoi tert^-butanol, 1-pentanoJj Z-pwitanola 
tert.-amyl alcohol, l-hexanol, 4-methyl-3- 
pentanol, 2-etbyH-butanol, l^eptanol, 3- 
heptanolj l-ootanol, 2-&tbyl-l-hexanol, 1- 
nonanol, 2j6-dinKthiyl-4-heptanol5 236,8-tri- 

30 methyl-4-nonanol, S-ethyl-Znionanol, 7-ethyl- 
2-methyl-4-undecanol, 339triethyi-6-decanol, 
and lauryl alcohol; aromatic alcohols such as 
benzyl alcohol and phenyl methyl carbinol; 
and cyclK^phatic alcohols sudi as cydohm- 

35 nol and trimethylcydobexanoL Methyl and 
etiiyl alcohols are prefened. 

The lactones that are suitable as starting 
materiMs in the first step are the same as 
those previously identified by Formula V. The 

40 lactones having less than sSx carbon atoms 
in the ring, i.e.3 wl^re n is less dian four, 
can be used in accordance with this embodi- 
ment of the mefliodi even though homopoly- 
esters thereof tend to revert to the monorni^ 

45 at elevated temperatures and therefore do 
not form stable products. They are suitable 
here because the addition of as little as one 
miol of a. l,2-6poxide per mol of lactone 
results in the preparation of linear oxyaiky- 

50 lene<arboKyalkylene polymers in whidi re- 
veraon to sn^ rings is exduded While it 
is true that with some of the tower mole- 
cular weight ketones somewhat less than 
100%, Le., about 80% and in- some instances 

55 as low as 60%, conversion takes place, the 
cxyaJkylene-carboixyalkylene polymers from 
these lower molecular wdgfbt lactones are 
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nevertheless entirdy suitable for the purposes 
of the invention. 

The first step in diis more indirect manner 60 
of preparing the oxalkylene-carboxyalkylene 
polymers is preferably carried out at a tem- 
perature i£ the oitdier of about 60 to 100° C 
and in the presence cf acidic ester interchange 
catalysts such as sulfuric, hydrodiloric, phos- 65 
phone acids and boron trifluoride complexes 
such as trifluoride ethyl etherate. Basic and 
neutral ester interchange catalysts thac also 
prcmcte the reajodon indude sudk metals as 
lithiim, sodium, potassium, rubidium^ 70 
caelum, magnesium, caldum, barium, sdron- 
tium, zinc^ aluminum, titanium, cobal^ g^- 
ma n iiimj tin;, lead, antimony, arsenic and 
ceriumj, as well as the alkoxrdes thereof. Addi- 
tional suitable catalysts are, by way cf ex- 75 
ample, the carbonates cf alkali- and alkaline 
earth metals, zinc borate, lead borate, zinc 
oxide, lead silicate^ lead arsenate, litharge^ 
lead carbonate, antimcny tricxide, germanium 
dioxide;, cerium: trloxidej cobaltous acetate and 80 
akuxunumi isopropoxide. Qital3rst concentra- 
tions between about 0.01 and about 0.5% 
by wdgjit based! on the total chaige are 
smitable. The preferred range is fromj 0.05 
to 0.2% by wdght. ^ . 

In order to obtain an optimum proportion 
of the hyroxy ester, it is important to utilize 
a considerable excessi, e.g., five to twenty mols 
cf alcoihd per mol of lactone. Thus, for ex- 
ample, by working .widi a ten-fold excess of 90 
alcohd, 60 to '95% by weight of the lactone 
employed is converted to die hydroxy ester. 
The remainder consists either of imreaoted 
lactone or of higher alcohol adducts, i.e., 
compounds in which two or more lactone re- 95 
ddues are joined to an alcohd to form a 
higher molecular wdg^t bydroixy ester. It is 
quite possible, however, to proceed vtdtb a 
sDmiewhat smaller excess of alcohol and there- 
by obtain a hydroxy polyester addiict in 100 
which the average nusnber cS lactone residues 
added to the alcohd is in excess of one. 

After the fonnation of the hydroxy ester 
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has been oonipileted^ the excess alcohol pre- 
sent in the reaction ixaixiture mast be re- 
moved. This is not conveniently accomplished 
by distillatioa at temperatures as high as 
5 100^ C. However, since the ester interchange 
catalysts used in Ms step to c^m the lactone 
ling akoi catalyze the reformation of alcohol 
acd lactone;, in some instances fairly rapidly 
at temperatures as low as 50'' C, it is ncces- 
10 sary to remove or to destroy the catalyst be- 
fore removal of the excess akohoL Acidic 
and basic catalysts such as sulfuric add and 
sodium methoxide can easily be converted to 
inactive salts by neutralization, car diey can 
15 readily be removed completely by means of 
icn ex(±ange resins. If, however, the catalyst 
for tJK first seep is &stroyed by formation 
cf an active salt, e.g., scdiumi sulfate, the 
hydroxy esters formed in the reaction of the 
20 first step must be distilled off because other- 
wise such salts would interfere with the cata- 
lytic process ctf the second step. Neutral ester 
interchange catalysts;, while plmtiful and oper- 
able, are d^cuk to remove or mi destroy and 
25 are therefore not preferred. 

In the second step of the alternative mediod' 
for preparing the oxallcylene-caiboKyaliy^^ 
polymers, hydroxy esters formed in the 
first step are reacted with 1,2-epoxid^ in -the 
30 presence of a catalyst to form lengthened 
hydroxy esters containing ether groups. The 
epoxides that are suitable in this step are 
daose that have already been described as 
corresponding to Fomula V. Mixture of 
35 these epoxides are also suitable and in scam 
instances preferred for desirably altering die 
structure cf the cxyallqrleiie-carboxyalkylene 
polymers. Ethylene and propylene oxide and 
mixtures thereof are preferred because of 
40 their low cost and ease of reaction. 

The caialysts that are most suitable for 
the second stq? are -the Lewis adds named 
earlier, particukrly boron trifluoride and the 
complexes thereof widi organic compounds 
45 as well as alumimm trichloride, zinc chloride 
and tin diloridc. Bases such _ as tertiary 
organic amines, sodium and potassium- meth- 
oxides and hydroxides may also be employed 
although they are considered not as suitable 
50 because they require relativdy high reaction 
temperatures of the order of 90 to 150° C. 
and high catalyst conoentrarions of the order 
of 0.2 to 2% by wdgbt in order to be 
effective. Thus, while these other catalysts 
55 are operable, they are not preferred because 
of the high tempratures and catalyst concen- 
trations that are necessary and which tend to 
promote reversion of the hydroxy esters to 
the initial lactones and alccbols. Boron tri- 
60 fluoride complexes sudi as the ethyl etberate 
are preferred 

The operable r^ige of reaction tempera- 
tures for the second step of this alternative 
method is from bdow about 10** C. to about 
65 150** C At the lower temperatures in this 



range the reaction proceeds dowly, while at 
higjher temperatures there is dai^er of ring 
dosure of the hydroxy ester with f onnation of 
lactone and alcohol. The preferred tempera- 
ture range is from* 45 to 100° G since it 70 
allows rapid reaction rates with a minmnm 
of reversion to the lactone. 

Any unreacted lactone from the first step 
that roDoains at the beginning of the second 
st]ep will take part in the reaction wkh the 75 
l32-epoxide when a Lewis acid catalyst is 
employed. The amount of such lactone react- 
ing in the second step depends upon the 
duration and -the temperature cf the reac- 
tion, the catalyst concentration as well as on 80 
the structure of the laaone and the epoxide 
used. 

The oxy-carboxyalkykne monomers ob- 
tained in accordance with ^ second step 
are polymerized in the -third step with the 85 
aid of a difuctional focal compound acting 
as a chain stopper to form linear oxyalkylene- 
carboxyalkyienie polymers of any desired pre- 
selccased molecular weight. Difuncrional focal 
compounds acting as chain stoppers in this 90 
alternative method of preparation yidd linear 
polymery as diqr do when used as initiators 
in the more direct proc^ d^cribed earlier. 

The diPunctional focal compounds that are 
suitable as chain stoppers in the third step 95 
of th& alternative method are generally the 
dids, diamines and amino alcohols repre- 
sented' by Formula Vn. 

It is important, from the point of view of 
exercising control over the molecular wdgiht 100 
of the cxyalkylene-carboxyalkylene polymers, 
to use a consLderaible excess;, preferaUy about 
five- to ten^f old the amount of stodchiometric- 
ally required, of difunctional focal compound 
in the third step and that it be one having a 105 
higher boiling point than, the alcohol used in 
the first step. This excess and higher boiUng 
pomt is required in order to insure a sub- 
stantial displaoemmt of the monctfuncdonal 
alcohol from the intermediate product <3i the 110 
second sfiep. In> instanoes in whidi the focal 
. compound itsdf is difficult to remove, e.g, 
when a considerably higher bailing cHol is 
employed, the preferred procedure is to use 
a stoichiometric amount thereof in conjunc- 115 
tion withi a substantial excess of another diol 
that is relativdy easy to remiove. Thus, for 
example^ where die alcohol used in the first 
step is methanol and the desired chain 
stopper is triethylene glycol, it is possible by 120 
this procedure to remove suhstanitially com- 
pletdy all of the methanol with a consider- 
able excess of added ethylene glycol and 
preferentially to retain in the polymer tie 
stoidiiometric amount of triediylene glycol 125 
initially used rather 'than the ethylene glyad. 

The thnd step in the alternative 
method of preparing the oxyalkylene- 
carboxyalkylene polymers in die first 
stage is preferably, but not necess^y, 130 
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carried out with the use of a catalyst 
iwix as a basic or neutral ester interchange 
catalyst to accelerate the reaction. Among the 
catal3rsts that are suitable for ^tbls purpose 

5 are such mstals as lithium, sodium^ potas- 
sium, rubidium, caesium, magnsslum, cal- 
ciumi bariun^ strcntium zinc, alunrinxm, 
tltaniimi^ cobalt, germanium, tin, lead anti* 
mony, arsenic and ceriimia as wel as the alk- 

10 oxides thereof. Additional suitable catalysts 
are, by way of example, zinc borate, lead 
borate;, zinc oxide, kad silicate, lead arsen- 
ate, litharge, lead carbonate, antimony cri- 
cdde, germaniumi dioxide cerium trioxide, 

15 magnesium acetate, ojbaltcus acetate^ man- 
ganese acetate lead acetate, 1^ 2-eithylhexo^ 
ate, lead salicylate and lead benzoate. &talyst 
concentrations between about 0.001 and 1.0% 
by weight, based on the weight of the starting 

20 monomer, are suitable. The prdferred range 
is &omi 0.01 to 0.5% by weight based on 
the weight cS the starting mcaiamer. The 
catalyst has also the function of destroymg 
the boron trifluodde complex left in the 

25 reacticn mixture of the preceding step, whidi, 
if not inactivated, may cause side reactions 
such) as dehydration. 

The catalysts that are particularly ^eotive, 
and therdcore preferred, in polymerizing the 

30 

monomers are the organic tin compounds des- 
cribed in coperKling Application No. 12159/ 
57 (Serial Na 859,639) the organic titanium 
ccmpciunds described in copending Applica- 
tion No. 12162/57 (Serial 859,642) and the 
35 titanium didat^ and acylates described in 
copending Application No. 12164/57 (Serial 
Na 859,644). 

The third step is carried out within the 
temperature range of 120 to 250° C, most 

40 effectively between about 150 and 200° C 
It is preferably carried out in two phases, 
the first at a temperature <tf about 120 to 
170* C and the later pha^, for further 
polymerization, at 150 to 250° C At tem- 

45 peratures below 150° C. the reaction rate 
is relatively slow whereas at temperatures 
above 200° C. there is a danger that ther- 
mal degradation of the reactants and products 
may begin to oonnr. It is desirable, therefore, 

50 to carry out the final phase of the third step 
under a vacuum and to exclude air from 
the reactants by blowing an inert gas such as 
jT'trcgen througji the reaction mixture. 

The average molecular weight and r^c- 
55 tivity of die mixture of oxyalkylene-carboKy- 
alkylens polymm with an isocyanate can 
readily be detOTnined by analysis for hydroxyl 
and carboxyl content. The add or carboxyl 
number (mg. of KOH per gram of oxyalky- 
60 lene-carboxyalkylene polymer using phenol- 
phithalein as an indicator) is a measure of 
the number, of terminal carboxyl groups. The 
hydrcxyl numiter, which is a noeasure of the 
number cf terminal hydroxyl groins and is 



defined in terms cf mg. of KOH per gram 65 
of oxyalkylene^carboxyalkylene polymer, is 
determined by adding pyridine and acetic 
anhiydride to the oxyalkylene-carboxyalkylene 
polymer and titrating the acetic add formed 
with KOH. The sum of the acid or carboxyl 70 
numiber and the hydroxyl number, referred 
to as the reactive number, is an indication 
of the average number of terminal groups 
present in the oxyalkylene-carboxyalkylene 
polymer and therefore is in turn an indication 75 
cf the degree of polymerization. A mixture 
cf oxyalkylene-carboxyalkylene polymers con- 
taining long chain molecules will have a rela- 
tively low reactive number while oxyalkylene- 
carboxyalkylene polymers containing short 80 
chains wiU possess relatively higher reactive 
numbers. Molecular weight can readily be 
calculated frcon the hy(£oxyl and carboxyl 
numiber by the formula: — 

2000X 56.1 

xxm. M.W.= 85 

OH NO.+COOH Na 

It will become apparent from the foregoing 
that regardless of how the linear oxyalkylene- 
carboxyalkylene polymers are mad^ i.e. 
whether they are block oxyalkylene-carboxy- 
alkylene pdymers or whetiier the distribu- 90 
tiCT of carboxy and oxy groups in the chain 
is random) or ordered^ they can be prepared 
to best suit the particular type and require- 
ments cf the pcl5mretiiane resin ultimately 
desired The molecular weight of block oxy- 95 
alkylene-carbcxyalkylene polymers can be con- 
trolled accuratdy by a preselected ja-oportion 
of die difmicrional focal compounds reacted 
with the laotone and the epoxide or retdned 
in the oxyalkylene-carbox^lkylene polymers. 100 
The mailer the amount of initial glycol or 
difuncticnal focal ccmpound is rdative to the 
lactone or to the lactone and the epoxide, as 
the case may be, the higher wffl be the mole- 
cular wdght of the oxyalkylene-carboxyalky- 105 
lene polymer. The relative proportions of oxy 
and carboxy. groups can readily be controlled " 
by the proportions of lactone to glycol or 
epoxide. Oxyalkylene-carboxyalkylene poly- 
m'ers prepared primarily from epsilon-capro- 110 
lactone and ethylene oxide to have moleoilar 
weights of the order cS about 1800 to 2800 
and in which the oxy groups outnumber the 
carboxy groups by ratios of the order of 
about 3.2:1 to 6.5:1 are from sliditly to 115 
completdy water-solnble whereas mose in 
which the ratio of oxy to caibos^ gxoiq)s 
is cf the order cf about 0.5 : 1 to about 32:1 
are^ water-insoluble liquids. The extent to 
which the occurrence of oxy and carboxy 120 
groups is random^ or ordered can be influ- 
enced by the availability of the components 
for reaction in the course of preperation. 
This in turn can be controlled by selections 
of reaction temperature and rate of feed of 125 
epoxide to the reactants. Side dmxs can be 
introduced by the use of substituted laaones. 
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substituted glycols or epoxides, or botk If 
desired, tbe oKyalkylene-carboxyalkylene poly- 
mers can also be given a l^andied sitruc- 
cure by employing polyols having a funictioin- 

5 ality higher dian two in die preparadoii of 
block oKyalkyknc-carboxyalkylene polymers 
and by the use of diepoxides or pdyfuuc- 

• ticnal focal compounds having more than two 
reactive hydrogens^ or bgtb, in the prepara- 

10 don of oxyalkylene-carlmyaDylene poiyiners 
with raiidcimt or ordered distiibuidoja of qsy 
and carbosy groiQ^s, 

We prefer to sdect the lactones and the 
epoxides and difuncticnal focal compound, 

15 and their relative proportions, so as to pro- 
duce oxyalkykne-carboxyalkylene polymers 
having molecular weights in the range of 
about 400 to as high as about 10000 and 
preferably between about 1800 and 2800. 

20 When {Kyallqrlene-carboxyalkylene poiynKrs 
having mdecular weights as low as about 400 
are employed in the preparationj of poLy- 
urethane resms by reaction with isocpnate^ 
the resins fomied are relatively rigid On the 

25 cthsx handij oxyalkylene-carboKyal^lene poly- 
mers having molecular weights in the uppa: 
end of the range, e.g., aromid 5000 to 7000, 
residt in the fozmation of polyurethane resins 
of very high elasticity. Generally speaking, 

30 polyurefliane resins prepared from blodc-type 
OKyalkyleneK:arboixyalkyie^^ polymers of a 
given molecular weight tend to fono poly- 
urethane resins having somewhat higher ten- 
sile strength than thc^ fonned from random 

35 or orderai type of oixyalkylene'<:arboxyalky- 
lene polymi^ of equal molecular, wd^. 

As a furth^ guide to the selection of initial 
reactants and their relative propontions for 
the fonnation .of oxyalkylene-carboxyattylene 

40 polymers and their eventual conversion into 
polyurethane resins, it is well to bear in 
mind also that axyalkyl^e-carboxyalkylene 
polymers derived from unsubstituted lactones 
geiKoally tend to have superior tensile 

45 strength and seme tendency to crystallize 
whereas those made from aKyalkylene-cart^ 
oxyallqrlenfi! pdymers derived fronu sub- 
stituted lactones^ at least in part, show no 
tendency to crystallize and tend to f om elasto- 



XXIV. HO(OCP)OH+excess G(NCO)r-^OCN[Gi^HCX)(OCI?)OCNfIflrGNCO 



mers having optimum nonrhardening proper- 50 
ties. Inasmuch as the block-type OK^dkylene- 
carboxyalkylene polymers tend to impart 
mffximiTni tensile strength to polyuretmne 
resins formed! from tfasem and opyaUqrlene- 
carboxyalbrlene polymers having random or 55 
ordered mstribution of oxy suod carboxy 
^xmps favor good' low temperature properties, 
it wHl becpmie apparent that optimum tensile 
strei^h) is okamable by use of block-type 
<3e^a3ky!t5ie-car polymers pre- 60 

.. garedi i|^iii>stitmed la^ as the only 
lactcmies and that opdmum low temperatoFe 
pisoperri^ are obtainabie by use of oxyalky- 
lenercarboxyalkylene polymers of the random 
or ordered type prepared, at least in pam^ 65 
from substitute lactones. 

It is to be understood of comrse that tbc 
term " oxyEd^lene-carboxyalkylene pdy- 

•mers", as used" herein, is intaickd to include 
not only tiie ppcyalkyleneHparboKyjd^^ 70 
polymers prepajred by reaction of a sjngle 

.. lactone witin a single epoxide and difunctional 
focal opmpound, but dso those involving two 
or more lactones, eposides or focal com- 
pcmds. Fuithermore;, it is to be xmderstood 75 
that it is withiin the scope of the invention 
to react dissocyanates with not only one par- 
tiadar mixture of oxyaUcyleneKarboByanyi^ 
polymers bur also with blends of Cerent 

• pxyailgrlene carboKyalkylene polymer mixtures 80 
prepared as herein described as wdl as with 
blends :of one or more of the osyalkylenfr- 
carbqxyalkylene polymers with polyesters 
heretofore described, e.g., die laaone- poly- 
esters described in co-pemiing Appiicatian 85 
No. 12162/57 (Serial No. 659,642) or hidi 
moiccular vragjiit pdyajkylcne etiiers or poty- 
esters such as those prepared by condensa- 
tion of a glycol with a dicarboxylic add. 

S3C02:n> Stage 90 
(lineaji extension) 
We have found it ad^tageous to extend 
the oa^U^leneKarboxyaKylene polymers by 
reacting, after careful removal of any traces 
of mdstore, their tenmnal faydroDcyl groups 95 
with an excess of diisQcyanatte, as represented 
by the equation:— 

O O 

[COCC 



100 



105 



110 



in which HO(OCP)OH is an abbreviated re- 
presentation for the oiX5^ylene-carbpxyaDcy- 
lene polymers with their characteristic ter- 
minal hydroxyl groups and chains of divalent 
alkylene liniks connected by oxy and carboxy 
groups^ G stands for a member selected from 
the group consisting of divalent aliphatic, aro- 
matic cydcalipihatic radicals and y is an aver- 
age of at least <Hie and preferably about two 
or mere. 

It will be noted from Equation XXTv that 
the use cf an excess of diisocyanate provides 



an eflSdenic msaxxs of control over the degree 
.of linear extension of the oxyalkylene-carb- 
oxyalkylene polymers. If die proportions of 
oxyaikylene-carboxj^dkylene polyma: and= di- 
isocyanate are chosen so that the numiber of 115 
reactive terminai hydroxyl groups on the osy- 
alkylene-carboxyaUqrlene polymers are eqiid 
to the number !of reactive isocyanate groups 
on the .diisocyanate, .extremely long, high 
mioiecular wdgbt chains .would be formed 120 
witii alternately reccurring oxyalkylene-carb- 
.oxyaU^lene chains and diisocyanate: re^idue^ 
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y in that instancs possibly being a very high 
nunibsr. The resulting resin would have a 
sharp mid'ting point, retain its original solu- 
bility prepsrdes, and be capable of being 

5 drawn into filament& By utilizing an optimum 
excess cf about 30 to 60% by weight diiso^ 
cyanate however, close control is maintained 
over .the length of the isocyanatermodified 
oxyalkylene-carboxyalkylene polymer in that 

10 th? molecules fom[ied predominantly compise 
two to three oxyalkylenencarboxyalkylene 
chains coojugated with duree to four, respec- 
dvdy, diisccyanate readue^ y being an aver- 
age of 3.33 with a diisocyanate excess of 30% 

15 and an average of 1.66 with a diisocyanate 
excess of 60% by weight. DiisocyanateHmodi- 
fied oxyalkylene-carboxyalkylene polymers 
within this range have the most desirable 
characteristics for the production), at a later 

20 stage, cf a rubbery jwlymer which softens 
gradually over a wide range of temperatures 
and is not subject to cold drawing. A greater 
excess, up to several hundred perceni^ of di- 
isocyanate is desirable if the desideratum is 

25 a more rigid type of pdyurethane product 
The reaction of ite oisyattylene-carboxy- 
alkylene polymers wiith the diisocyanate can 
take place at temperatures varying from ro<Hn 
temperature to above 300^ C. Tb& preferred 

30 tenqjerature is in the range of about 100 to 
150** C, ±e upper limit of the reacdon temh 
psrature being sdected on the basis of the 
thermal stability of the reaction products and 
of 'tiie diisccyanates, and the lower limit being 

35 dsttennined by the lowest economical rate of 
reacticHii without a catalyst. At temperature 
under this range, the reaction is entirely 
feasible if a catalyst is employed. Without a 
catalyst it is too slow to be practicable, 

40 especially at temperatures below about 75** 
C. At temiperatures above IOC C, and par- 
ticularly above about 300° C, there is danger 
of destructive decomposition of the zeactants 
and reaction jMToduot, 

45 The time of reaction may vsay from several 
minutes to as much as a ^y depending upon 
the reaction temperature and the identity 
of the partixHilar oxyalkylene-carboxydkyl^e 
polymer and diisocyanate as well as upon die 

50 absence or presence of accelerator or retarder 
and th'e identity diereof. Most desirably, 
conditions are adjusted so as to provide a 
cont£X?lkble reaction that is conq)letJsd in 
about ten to sixty minutes. 

55 E derfred, the reaction may be accete- 
ated by employing cai^ysts such an moir- 
ganic bases and particularly tertiary organic 
bases such as tertiary amines and phosphines. 
Among die latter are N,NMimethylaniline, 

60 - dimethylhexahydrcaniline, NjN^ - di- 
methylpiperazine, N-methylmorpholine, tri- 
benzylamine, N,N^-dimethylbenzylamuie, tri- 
ethylamine, trialkyl phosphines, dialkyl- 
phenyl phosphines and dkyldiphenyl phosr 

65 . phmesr Oit%st concenmtions may be varied 



considerably. Concentrati%ms between about 
.001 aind .5% based on die weight of the 
total ingredients, have been found sufficient. 
Among the cetarders suitable for the oxy- 
aftj^^e-carboxyalkalene pciymer-diisccyan- ''O 
ate reaction are adds mdi as hydrochloric 
acid, sulfuric acid, phosphoric acid, boric 
acid, and organic acids; a<yl halides such as 
acetyl chloride and acetyl bromide; sulfonyl 
halides such as para-tohiene-su^nyl-chlor- 
dde; inorganic add halides sudi as phos- ^5 
phoTOus tribromide, phosphorous trichloride, 
phosphorcus oxycMoride, sulifuryl chloride, 
and thitonyl chloride; and sulfiirdioxide or 
addic sulfones. The addition of a r^arder is 
desirable in some instances not only in order 
to slow down, as name implies, the rate 
of reactim betweoi tominal faydroxyl and 
Isocyanate groups, but also for inhibiting 
reaction between the isocyanate groups and 
the urethane groups formed in the second 
stage. 

If die starting oxyalkylenencarbotxylalky- 
kne polymers fr^m the first stage contain 
alkalme reacting materials, they should hi qq 
neutralized or addffisd slighdy by addition 
of adds or acid chlorides. For instance, poly- 
ethylene oxides are prepared by catalyzing 
die ethylaie oxide polymerization with 
sodium or pota^um hydroxide or other basic 05 
catalysts. H these polyethylene oxides are 
reacted with Itaone, the resulting block-^type 
oxyalkykneHcarboxyallgrlene polymers con- 
tain some sodium or potassium carboxylate 
end groups which are effident catalysts fee |qq 
the isocyaamte reaction in stage two. hi ord^ 
to prevent almost instantaneous or premature 
cross-linking in stage two (a prccsdure which 
yields mfericr elastomers), the oxyalkylene- 
csrboxyaBcylene polymers shouM be neutral- jq^ 
ized or slighdy acKiffied. 

The chain lengthening reaction of the oxy- 
a&ylene-carboxyalkylene polymers with the 
diisocyanate may be carried out with a wide 
variety of aliphatic, cycloaliphatic or aromatic 110 
diisocyanates, the aromatic diisocyanates 
being most suitable because of their greater 
reactivity. Among the various dnsocyanates 
useful in this reaction are m- and p-phenyl- 
ene diisocyanates, 2,4- and 2,6- tolylaie di- 115 
isocyanatesi, 23>5,6^tetramethyl-para-^limyl- 
ene diisocyanate, m-xylylene diisocyanate, 
4,4^-biphenylene diisocyanate, 3,3^-dimethyl- 
4,4^'-biphKiy!!iene <tiisocyan:ate, 3,3^-dimedi- 
oxy-4,4^-biphenylene diisocyanate, pyp^-bi- 120 
benzyl diisocyanate, p>p^-diphenylmetiwne di- 
isocyanate, 4,4*-met?hylene bis ordio tolyl iso- 
cyanate^ 1,5-naphthaIene diisocyanate, fluor- 
ene diisocyanates, pyrene diisocyanates and 
dbcysaie diisocyanaites. The table in the pub- 125 
lication cf Siefken (Annalen, 56^ pages 
122—135 (1949)) lists numerous other di- 
isocyanates which are useful for performing 
this reaction. 
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THm> Stage 
(gum stock preparation) 
In Older to further extend die oxyaSqrlene- 
carboxyaJikylene polymer^alyuretihane diiso- 
5 cyanates obtained id dsie second stage and 
also to tidng about a ooss-lonkiing of the 
niioiiecuiles^ die oxyialkyleneKrarbo^^alkyl^ 
polyaier-pol3rurethane is reacted mth a difunc- 
donal reactant Whicb is a did^ a diamme or 
10 an amino alcoihol. Sxrch a further chain 
lengdieiiing reaction to fma a gum stock is 



illuscraited, by way of example, in Equation 
XXV below. In this illustrative examplej <two 
mols oxyalkyJene-carboxyaUcylene polymer- 
pdyurethane diJsocyanate, abbreviated fer 15 
pu^oses of clarity as OCN(OGP— PU)NO0 
to midicatie the ceacdve termmal isocyanate 
glDoups obtained 'by using an excess of diiso- 
cyanate m stage two, react with three mols 
>of an amino akohol to show die leactions of 20 
hydraxyl and amino ^oups of a difunc- 
donal reactaat with the iso<^anate groups. 



XXV. 



OH 

an" +2 ocn(ocp-pu)nco 



It will be evident from Reaction XXV that 
25 the hydroxyl group of a difunctional reactant 
in this stage reacts whh a tenmnal isocyan- 
ate group to fonn a uredbane group 
— OOCMH — and that the ammo group of 
a difunotional reactant does so by formii^ 
30 a urylene group — HNOONH— . There is 
leason to believe that, simidtaaeously widi 
Reaction XXV, the reactiori produiots of 
Reaction XXV and free diisocyanates react 
to ^ect a ccoss4inking. Iliese reactions can 
55 taifce place in many ways. Thus, for example, 
a terminal isocyanate ^oup can ireact with a 
reactive hydrogen or (a) an anude groi^ of 
a stage two {mniuct (Equation XXIV) pre* 
pared initially witjj die polyaBcylene edier 
40 having one or two amino groups to fcnn an 
acyi urea cross link, (b) a urethane group of 
a stage two product or a stage three prcriuct 
(Equatpon XXV) to form an aHopfaanic ester 
cross hnik, and (c) a urylene gicoup of a stage 
45 three pioduct prepared^ with an amino gcoup<- 
conmiii^ reactant to form a biuret cross 
link. Some of diese reactions may also cake 
idai^ albeit at a much reduced rate, be&sct 
die aditStion of the difunctional reactamt in 
50 the third stage, because of the formatitm; of 
a nmnber of urethane groups in- the second 
stage and disir ability to enter into slow cross 
reaction wids terminal isocyanate 



groups. 

55 The difunctional reactants diat are useful 
in this s^ge are diols, amino alcohols or di^ 
ammes. It is inadvisable, however, where high 
ten^e stireagth of die final product is 
irable, jco use diose lof Mghsr molecular 

60 weigjht than, for example, polyoxyaiBcylene 
compounds of die formulae H0(CH2CH2OXH 
and HO[CH(GH3)CH20]„H where n is 
greater than about six. Among die difunc- 
tional ceactants found to be particularly suit- 

6? able atone oar on admixture widi one anodier 
in this stage are ediykne glycol, trimethylene 



ocnh(ocp-pu)nhcnhr "oh 

^ R" 

N HCN H(0CP - Pu'jN H CN HR^' 0 H 

0 O 

glycd, 1,4-butynediol, 1,4-butenediol, tetra- 
methylene glycol, -pentamethyietie glycol, 
hexamethyletK glycol, decamethylene glycol, 
quinitd, ediandamine, S^minopropand, 4- 70 
aminobi^nol, S-aminopentanol, fi ^tnintv 
hexanoly pHaminobenzyl alcohol, mHammo- 
ah^-methylbenzyL alcohol, p-aminqphenyl- 
edxyi alcoihol, ethylenediamine, cnmetbyl^ie- 
diamine, ii3eQ:amethylenediaminei .pentamethyl- 75 
enediamine, hexamethylenedianiine, deca- 
methyleattiiamnie, m-phenylencdiamine, 2,4- 
tdyloiediamine, p^phenylenediamine, 4>4^- 
feipihenylenediainime, 3,3^ - dichloio - 4^^ - bi- 
phenylenediamme, 33^-d!b:])Qth?jfil-<4^^'-'bi- 80 
phenylenediamine, 3,3^"dimetSioKy-4v4^-bi- 
phenylenediamine, p;,p^-'babenzyldiamine, p;^^- 
diphenyhnedianediamme, 2,5- and 2,7-€uor- 
encdamines, 3,8- and 3,10-py8:enediamines, 
plperaziae, various metiiyl-, and polymethyl- 85 
p^Jerazmes." Muncdonai' reactants of this 
type are preferred in this stage of the process 
for die ireason that diey act as chain ex- 
tenders without forming carbon dioxide 
bubbles in the ttass. 90 

WhMe reactim XXIV is shown' for illus- 
trative purposes only, as involvii^ three mols 
of a difunctional reactant and two mols of a 
oxyaBqrlene-carboxyMkylene polymer-poly- 
urethane diisocyMiate, i.e,, a 50% excess of a 95 
difunctional reactant, die amount of difunc- 
tional employed for optimum results is with- 
in the irangie of 1 to ^% exass. The use of 
moire dian 20% exce^ resdks m a systm 
diat is generafly mose rigid! diam desirable 100 
for die production of dastomoric materials 
and the use of an equi^ent or less than 
equivalent amount of difunctional results in 
a coanipletfcly cross-linked system which ceases 
tx) b& a gum stock. It is to be understood, 105 
dierefore, diat while a 1 «o 20% excess of 
d^ctional reactant is rectmm^ed for the 
dmd stage, depsutiHes from this amount in 
order to obtain more rigid or moDe com- 
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pletely cross-linked systems aie not outside 
ilie scops of the inv«itton. 

The reaction of the oxylalkylene-carboxy- 
alkylene polymer-polyurethane diisocyanate 

5 with the difunctional reactant cam be carried 
cut at a temperature ranging from room tem- 
peratures to over 200^ C. Temperatures of 
die order of 100 to 150*' C are prefeiral. 
The time of reaction may vary from several 

10 minutes to one day depending uipoQ the ceac- 
tion temperature. H a catalyst has been em- 
tployed in the second stage, it wfll also act as 
a cataljrst in the third sitage. 

Fourth Stage 

15 (Cure) 

The final curing is carried out with a 
polyisocyanatej^-eferably an aromatic poly- 
isocyanate. while the polyisocyanate em- 
ployed in the final cure may, if desired, be 

20 the same or a different diisocyanate as com- 
pared with that used in the second stage, it 
may also be a td- or highM: functional iso- 
cyanate. One of the more attractive types 
of polyisocyanate ussfd in the fourth ^ge 

25 is the produa: — 




Nco 



as weU as the isomers thereof, obtainable by 
phosgenation of the reaction product of amline 
and f annaldehyde. 

30 In the preferred embodiment of me in- 
vention, approximately 3 to 7% by weight, 
based on the weight of gim stock, of addi- 
tional polyisocyanate is admixed with the 
gum stock on a conventional rubber miH or 

35 in any suitable mixing device and the mix- 
ture is cured in the mold at a temperature 
preferably of the order of about 140 to 160° 
C in a few minutes. If a longer molding time 
than fifteen minuties is not objectioimble, the 

40 temp^ature of the cure may be considerably 
lowec, e.g., as low as about 100° C In the 
mold, the cure is accomplished apparently 
by a reaction of excess amino or hydroxyl 
groups with the newly admixed polyisocyan- 

45 ate, and" secondly by reaction of the remain- 
ing free terminal isocyanate groups with 
hydrogen atoms of the urylene and urechane 
groups to form a strongly cross-linked poly- 
mer. 

50 By this procedure, elastomers possessmg 
excellent tensile strength, exjoepdonal tow 
brittle temperature and no perceptible 
hardening or crystallization are obtained. The 



very favourable n^m-bardening properties of 
the elastomers obtained in accOTdance with 55 
the meaih'od of this invention are not only 
apparent after extended storage but can be 
demonstrated by naeans of X-ray patterns of 
the elastomers stretched to 300 to 400% 
their origmal length. While elastomers pre- 60 
pared -by other methods and from odier start- 
ing materials show a tendency to crystallize, 
the elastomers ^epared b^ the mediod of 
the invention show either vartually no crystal- 
Unity or not enough to cause hardening of 65 
the elastomenc composition. 

Rigid polyucethane resins are also obtain- 
able by employing oxyalkylene-carboxyaHcsrl- 
ene poiymers, preferably (rf the blo<i-type, 
having relatively short chain lengths, e.g., a 70 
molecular wd^^t of about 400 to about 800, 
^nflmng oiiy unsubsututed laaones in their 
preparation, by using a conaderable excess of 
isocyanate in the seomd stage, or by using 
a reactant having a higher funcdondity 75 
than two in the tlurd stage, or any combina- 
tion of these alternatives, aH of which con- 
itribute to rigidity of the final product. 

In reviewing the basic method of form- 
ing die resins of this invention, it will be- 80 
come apparent that, after preparation <tf the 
oxyalkylene-carboxyalkylene polymers, tiie 
process can be carried out continuously with 
substantially simitdtancously oxyalkylene-car- 
boxyalkyl^ie e^ension and cross-linking, 85 
batchwise and in distinctly separate stages, or 
in any intermediate manna^. 

One continuous method that is most direct 
and eaHMmcal and requires litde more than 
continuous mixing app^uratus as equq)nKnt 90 
involves admimg and reacting isocyanate 
with mixed but unreaaed oxyalkylene-car- 
boxyalkylene polymers and polyfunctional 
reactant, the amount of isocyanate being such 
that the reactive isocyanate groups therein 95 
are present in approximately 10 to about 
100% excess over the number of hydroxyl 
and amino groups in the oxyalkylene-carboxy- 
alkylene polymer and polyfunctional reactant. 
This methodv, which is fflustrated in several 100 
of the examples to follow, leads immediateiy 
to the cured elastomer. 

Another method involves^ -reacting oxyalkylr 
ene-carboxyalkylene polymers with about 1.2 
to about. 2 mols diisocyanate per mol of oxy- 105 
alkylene-carboxyalkylene polymer in the 
second stage for forming a prepolymer and 
then reacting tte prepolymer with less than 
an equivalent amount, preferably about 10 
to 75 mol percent, polyfunctional reacant 110 
In this embodiment the excess of isocyanate- 
modified oxyalMene-carboxyalkylene poly- 
mers serves as a cross linking agent to form 
a completely cured resin. 

It is sdso witlm the scope of the inven- 115 
tion to admix and react an isocyanate with 
premixed but non-ceacted osyalWlene-car- 
boxyalfejrlene polymers and polyrunctional 



13 



reaomnt, lie mHnber of reactive isocyanate • recovered. Tihe cesultiiig mixture of oxyaflqr- 65 

groups iri diis instance bemg.less 4ibait'±fr lene-eaiboxplfcylene polymers- was a -l^t 

niunber of hydroxy! and amino groups avait- yellow "vdscous liquid ihaving a hydroxyl num- 

able for -reaction -on tte oxyalkyieneHcarboxy^ ber of -51.1, a carboxyl "number of -1.0 and a 

5 alkykne polymers and polyfimctional react- calculated average molecular weight: of '21-20. 

ant This is in effect a combination of die- 300 grams of the oxyalfcylene-carboxyalky- 70 

second and tirird stages for thepreparution of lene polymers were heated to 120^ C. with 

die non-haidenflig gum stock and is followed 56.1 grams (0.212 mol) 3,3-dime±yl-4,4^-di- 

by addition and reaction with-an- excess of phenpene diisocyanate. The reaction tempera- 

10 additional isocyanatCj -pteferably about 3 to- tui^e rose-to 130° G After the reactants had 

7%, m order to effect a cure. This cmbodi- cooled -to -120^ C> 5.2 grams etihanolamine 75 - 

mentj as well as the embadnrtsnt described in were added. and die -reactants- were stirred 

detail as most illustrative -oi the- mechanism vigorously until an elastomeric gtun- stock 

of the ructions involved, is desirable when resulted. This was milled into a tihm «iieet-on- 

15 it is desired to form a non-haidening. pm * a lubber mffl. 

stock than can be cured at a future da;te.. 5% -by weight qf 33^^-dimethyl-4,4^-di- 80 

A considerablfi nnmbsr of modifying agents phcnylene diisocyanate -was. admixed with a 

may be added to the polyuiethane resin at portion of ^e gum sto<* on a cold orubbet mill, 

any stage of its production after the forma- The material was t?hen mold«i into a disc of 

20 don of the oxyalkylene-carbo:qra]kylenje poly- 0.07" thickness by heating omder pressure for 

mec. These materids include fillers such as fifteen mmut^ at i60° C. The cured elasto- 85' -- 
carbon blacks, vmous clays, zinc oxide^ eschibited the following physical proper- 
titanium dioxide, and the like; various dyes; ties:— 
plastidzers such as polyesters which do not 

25 contain any reactive «idHgroiips, stearic and Tdisile -strength, Kg./sq.em. - - 135 

otlier ifetty adds, organic esters ot stearic and Elongation at break, % - - 780 

other fatty adds, metal salts of fat^y adds, di- Load at 300% elongationy 90 

cctyl phchalate, tetrabutylthiodisuccinate, and Kg./sq.cm. - - - - 39.'* 

the like. It is also possible to indude rdeas i ng Brittle temp^aturej - - - —64 

30 agents such as mold release agents that are Hardness-^hore." A" - • - - 54 
sometime very helpful in die processmg of 

the resin to about 130*^ C. After the mixture ExAMPl^ 2 

had cooled to 120*" C, 2.5 grams ethanolamine 550 gr^ns of the ethylene oxide adduct of " 95 

were added and the materials were stirred ' methyl ^-hydroxycapxoate, - prepared- as dcs- 

35 until an elastomeric gum stw* resulted. This . oibed in Example-1, and 31 gjSans (0.5 mol) 

was milled into a thm sheet on a rubber nrilL ethylene glycol were heated at 170°- C for 

twenty hoiKs in-tihe. fwesence of 0.55 gram 

Example 1 dibutyltin oxide and 0.5 gram tetraisopropyl 100 

912 grams (8 mols) epsilon-caprolaetone and dtanate as catalysts. 80 ml. of medianol were 

2560 grams (80 mols) methanol were heated to recovered durijog this reaction. The reactants 

40 65 to 67° C. tor twenty hours in die presence were then subjected ^o a vacuum- of - 10 mm. 

of 0.45'6 gram concaitrated sulfuric add (96%) Hg. for thr^ hours during which time 15 

as catalyst. The add eatiyst was then neutral- grams of ethylene glycol were recovered The 105 

ized by addition of 0.505 gram; sodium methyl- resulting mixture qI oxyalKylene^caiboxyalfcyl- 

ate and distilled in vacuo, 971 grams of ene plymws was a ^xiterless .visa>us liquid* 

45 methyl 6-hydroxycaproate were obtained. It havmjg a hydroxyl numbet of -59.2, a 

had a boiling point of 99^ C. at a pressure of number of 1,3 and " a - cafculated * average 

4 mm. Hg. and a refractive -index nn" of molecular wdght of 1820/ 110 

1.4349 to 1.4352. 150 grams^ of- the oxyalkylene-carboxyalky- 

877.2 grams (5 mols) of the methyl 6- lene polymers thus obtained were heated to 

50 hydroxycaproate thus obtained were heated to 120° C. and -31.3 igrams (0.1185 mol) 3,3^- 

60° C. with 2.80 .grams boron trifluoride ethyl dimeGhyl-4,4^-diphenylene diisocyanate' wore 
etherate (47% BFg) and then- 528 grams (12' added, whereupon the -r^ctKHi - tenq)erature 115 
mok) ethylene oxide were added over a period - rose to 135° C. After the mtixture had cooled 

of three hours at a temperature of 60 to 70° at 120° C, 2.9 grams ethanolamine were 

55 C. T^e resulting ethylene oxide adduct was added and the materials were stirred until an 
a colourless liquid having a reEraotive- index ♦ elast<mieric gum stock resulted. - TMs was 

30 1.4460 milled into a thin sheet on a rubber null. 120 

550 grams of the etiiylene oxide adduct, 31 7% by weight of 3,3-dimetiiyl-4,4^-cUphenyl- 

grams (0.5 mol) ethylene glycol and 1.1 gram ene diisocyanate was added to a portion of this 

60 tetraisopropyl titanate weie heated at 170° C gim stO(* on a cold rubber mill. The mixture 

for twenty tours. 87.5 ml. of methanol were was molded into a <iisc of 0.07" thi<faiess by 

recovered. The reactants were then subjected heating under pressure for fifteen minutes at 

to a vacuum of 10 mm. Hg. for 3.5 hours at 160° C. The cured elastomer possessed the 125 

170° C, 15 grams of ethylene glycol being following physical properties: — 
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Tensile strength^ Kg./sq.cm. - - 138 

Elongation at 'break, % - - - 735 
Load at 300% elongation, 

Kg./sq.cni.- ----- 127 

5 Brittle temperature, oc. - - - —52 

Hardness— Shore "A** - - - 65 

Example 3 
1406 grams of epsilon-caprolactone, 79,5 
grams of ethylene ^ycol and 3.3 grams of 

10 'borontrifluoride ethyl etherate (47% BFa) were 
heated to 60° C. 1406 grams of ethylene oxide 
were then fed to the reaction mixture over a 
period dE 5.4 hours. On application of a 
vacuum of 4 mm. Hg., 81 igrams of dioxane 

15 were removed. The remaining mixture of oxy- 
alkylene-carboxyalkylene polymers had a 
hydroxyl number of 52.5 and a caiboxyi 
number of 1.3, 
204 grams of the above oxyalkylene<ar- 

20 boxyalkylene polymers and 11.0 grams of 4,4*- 
methylenediamlme were heated to 120^ C. A 
mixture of 65% 2,4-and 35% 2,6-tolylene di- 
isccyanate (33.0 grams) was then added and 
the reactants were stirred for forty-five 

25 minutes. After fur-rher curing at room tempera- 
ture for twentynfour hours, a tou^ dastometic 
product resulted. 
WHAT WE CLAIM IS: — 
1. A method <^ {nreparing a gum stock 

30 which comprises forming a mixture of oxy- 
alkylene-carboxyalkykne polym^ by reacting 
a diphenol, a diol, a diamine, an amino alcohol, 
a dmercaptan, a mercapto alcohol, water or 
hydrogen sulphide, a lactone of the general 

35 formula:— 

0=C(CR2)nCHR 

I 

O 



in which n is an integer having a value of at 
least 2, all the Rs are hydrogen when n is 2, 
at least 6 Rs are hydrogen when n is more 

40 than 2 and the remaining Rs are hydrogen or 
alkyl, cycloalkyi, alfcoxy or single ring aromatic 
hydrocarbon radicals or an hydroxy ester of 
said lactcme and a primary or secondary alcohol 
having a boiling point lower than diat of said 

45 diol, diamine, amino alcohol, dhnercaptan, 
mercapto alcohol, water, hydirogen sulphide or 
diphenol, and a 1, 2 epoxide of the general 
formula: — 

Rii_CH— CH— R" 



50 m which R" is hydrogen or an alkyl, chloro- 
alkyl, hydroxyallcyl, vinyl or phenyl radical or 
in which die two R"s taken together complete 
a closed hydrocarbon ring; reactmg said reac- 
tion mixture with a molar excess as hereinbe- 

55 fore defined of an organic diisocyanate to form 
isocyanate-ejctended oxyalkylene-carboxylalkyl- 



ene polymers and converting said polymers to a 
non-hardening gum stock by reaction with a 
tiiol, a diamine, or an amino alcohol. 

2. A method as claimed in Claim 1 in which 60 
n is at least 4 and at least (n+2) Rs axe hydro- 
gen. 

3. A method as claimed in Claim 1 or 2 in 
which the hydroxy ester of the laaone is 
reacted with the 1,2-epoxide and the reaction 65 
product is then witjh an excess of the diphenyl, 
diol, diamine, amino alcohol, dimercaptan, 
mercapto alcohol, water or hydrogen sulphide. 

4. A method as claimed in Oaim 1 or 2, 

in which .the lactone, the 1,2-epoxide, and the 70 
diphenyl, diol, diamine, amino alcohol, di- 
mo-captan, mercapto alcohol, water or hydro- 
gen sulphide are reacted at a temperature in 
the range from 10° to 70° C, in the pre- 
sence of Lewis acids as catalysts. 75 

5. A method as daimed in any of Claims 
1 to 4 in which die mixture of lactone and 
1^-epoxide is reacted with a thirty to sixty 
percent molar excess of an organic diisocyanr 
ate. 80 

6. A method as claimed in any of Claims 
1 to 5 in which the isocyanate-extended oxy- 
alkylene-carboxyalkylene polymers are reacted 
with 1 to 20 percent molar excess of the diol, 
diamine or anoino alcohol. 85 

7. A mediod as claimed in an^ of Qahns 
1. to 6 in which ihe gum stock is cured by 
reaction with an organic polyisoqranate. 

8. A method as daimed in Claim 7 in which 
from 3 to 7 wdght percent of the organic 90 
polyisocyanate is used to cure the gum stod:. 

9. The method as claimed in any of Claims 
1 to 3 in which the mixture of lactone and 
1,2-epoxide is reacted with the organic diiso- 
cyanaite at a temperature betweoi 50^ and 95 
200^ C. and the resulting product is reacted 
with the diol^ diamine or amino alcohol at a 
temperature between 50^ and 200° G 

10. The method as daimed in Oaim 9 in 
which the temperatures arc between 100° and 100 
150° C 

1 1. The method as daimed in any of Claims 
1 to 5 in which the amount of diisocyanate is 
such that the number of (reactive isocyanate 
groups in the reaction mixture is less than 105 
die number of hydroxyl and amino @toig>s in 

the reaction mixture, 

12. A method as claimed in any of Qaims 
1 to 4 in which the amount of orpnic diiso- 
cyanate is suffident to provide an excess of 10 110 
to 100% of isocyanate groups over the reactive 
hydrogen atoms provided by the diol, diamine 

or amino alcdiol. 

13. Non-hardening gum stocks prepared by 

the processes daimed in Qaims 1 to 6 or ll2f 
12. 

14. Cured gum stocks prepared by the pro- 
cesses claimed in Claims 7 to 12. 



15. A mediod of preparing a gim stock sub- W. P. THO'MPSON & CO., 

staadally as desaibed herein with reference 12^ Qhurch Street^ LiveqK)oI, 1^ 

to and as illustrated m the foregoing examples. Ghartered Patent Agents. 



Leamington Spa: Printed for Her Majesty's Stationery Office, by the Courier Press.— 1962. 

Pubiiahei at The Patent Office, 25, Southampton Buildmgs, London, W.C2, from which copies may be obtained. 



